The present communication deals with development of ten novel N-Phenyl-3-Pyridin-2-yl imino derivatives as vascular smooth muscle relaxants. The derivatives were prepared and optimized using pocket modelling and pharmacophore modelling. The 4 hydroxy substituted derivatives are showed potent activity comparable to the sildenafil.
Introduction
Phosphodiesterase are enzymes which regulate the cellular concentration of cAMP and cGMP. In human body there are 21 PDE genes which are classified into the 11 families. Due to their involvement in various important biological functions the Phosphodiesterase is emerged as promising target for the treatment of various human diseases particularly the CVS disorders.
1-5 PDE 5 inhibitors have potentials for treatment of heart diseases as they can act as vascular smooth muscle relaxants. Due to discovery of molecules like sildenafil the development of PDE5 inhibitor is main focused research area for many pharmaceutical companies and researchers. [6] [7] [8] [9] [10] [11] Advances in structural biology and computational chemistry resulted in increased speed of drug discovery. Pharmacophore modelling is an advanced method which is utilized to identify the structural features which are important for the biological activity. Binding pocket analysis involves analysis of binding pocket using electrostatic potential which can give relative orientation of important amino acids in the binding pocket and size and shape of the binding pocket. Integration of binding pocket modelling and pharmacophore modeling can result in design of potent drug candidates. Here we report the design of some vascular smooth muscle relaxants with potential to be act as PDE5 inhibitors using integration of binding pocket modelling and pharmacophore modeling.
Experimental
The dataset in the present study was taken from the previously reported paper.
12
Pocket Modeling.
13 The pocket modeling was carried out in proviz module of Vlife MDS 4.3 software. The PDB (2H42) of Phosphodiesterase V was downloaded from the protein data base. The water molecules were removed and hydrogen was added. The energy of the protein was minimized using MMFF and the residues at the periphery of the active pocket at a distance of less than 5 Å from the native ligand surface were marked. The marked pocket of the protein was used for optimizing structural requirements of designed molecules and further studies.
Docking Studies. To explore the interactions of the compounds, we carried out binding simulations using biopredicta module of Vlife MDS 4.3 suite. We used the crystal structure of the Phosphodiesterase V PDB ID 2H42, to perform docking simulations and potential H-bonding, π-stacking, VDW, Hydrophobic interactions with the designed compounds were recorded. The structure of 3,4-thiadiazol-2-yl]-3-[(5-nitropyridin-2-yl)imino]butanamide was used as the template to built the molecules in the dataset in builder module of Vlife MDS 4.3. Prior to docking studies a systematic conformational search was performed to obtain the low energy conformations of the ligands. The low energy conformations thus obtained, were optimized till they reached rms gradient energy of 0.001 kcal/mol Å. In order to define ligand-receptor interactions, docking of all the low energy conformations within a range of 5 kcal/mol Å from the lowest energy conformation of each molecule.
Molecular Alignment. 13 The molecules of the dataset were aligned by the template based technique, using sildenafil as a template for alignment of the molecules.
Pharmacophore Modeling. 13 This Pharmacophore modeling was carried out in the mol sign module of Vlife MDS 4.3 software. Series of designed inhibitors were first aligned on the sildenafil. A pharmacophore model is a set of threedimensional features that are necessary for bioactive ligands. The minimum number of pharmacophore features generated for an alignment is taken 4 and tolerance is kept to 10 Å. The Max Distance Allowed between two features is placed to 10 Å.
Smooth Muscle Relaxant Activity. All the synthesized compounds were tested in vitro for their pulmonary vein relaxant activity. Pulmonary veins and arteries of adult goat of either sex were brought from a local slaughterhouse. The media used to carry the muscle was ice-cold krebs-henseleit solution. These were cut into spiral strips and were used within 12-24 h. These strips were mounted in 15 mL isolated organ baths, containing krebs-henseleit solution, mixed with 95% O 2 and 5% CO 2 at 37 o C. The strip was allowed to equilibrate for 2 h under a resting load of 2 g. Relaxation of muscle strip was recorded for each drug using force transducer multichannel physiograph (BIOPAC MP35 SYSTEM). The title compounds were compared with Sildenafil, a standard drug used for relaxation.
Results and Discussion
Pocket Modeling Studies.
13 The pocket modeling studies were carried out on the proviz module of Vlife MDS 4.3. Proviz is a module for evaluation and visualization of threedimensional molecular properties including those derived from ab initio quantum mechanical wave function obtained through programs like GAMESS and Gaussian. The reported active site of Phosphodiesterase V was found to be composed of amino acids like tyrosine 664, alanine 823, leucine 864, phenylalanine 820, phenylalanine 786, alanine 783, valine 782, and tyrosine 612. These amino acids were marked from the whole protein in biopredicta module of Vlife MDS 4.3 and this isolated pocket was further analyzed in proviz module. The electrostatic potential and hydrophobic surface map of this isolated binding pocket indicated the shape of the cavity. The binding pocket modelling showed active site of phosphodiesterase V is u shaped so a complimentary u shaped ligand can fit in to the active site of PDE5, and will be act as a potent inhibitor. Keeping in this mind we utilized our previously designed set of molecules in which two aryl rings are separated by the amide bridge and having u shaped conformation. The electrostatic surface map also indicated the designed sets of molecules are having desired electrostatic potential for the interaction with PDE5. The brown region of the surface map indicates the electropositive region while the purple color indicated the electronegative region which is responsible for the hydrogen bond interactions with the receptor as shown in Figures 1 and  Figure 2 .
Biological Activity. The vascular smooth muscle relaxant activity of the designed inhibitors was carried out by using the goat aorta and almost all the designed inhibitors showed good-to-moderate vasodilatation activity. The activities of PB5 and PB10 are very good and comparable to the activity of Sidenafil, while PB1, PB2, PB4, PB7, PB8, and PB9 produced moderate activity as shown in Table 1 and Figure  3 . The PB5 and PB10 are showed profound activity due to the introduction of hydroxy group which imparts the hydrogen bond donation capacity which resulted in to the hydrogen bond interaction with tyrosine 612 in the binding pocket of PDE5. Table 1 and Figure 3 . Pharmacophore Identification Studies using Vlife MDS 4.3. A set of pharmacophore hypothesis was generated using the mol sign module of V life MDS 4.3 on the reported inhibitors of Phosphodiesterase V. Each hypothesis was found to contain common features like hydrogen bond donor, hydrogen bond acceptor, and aromatic (Golden color). Results of pharmacophore identification studies revealed that the hydrogen bond donor (green Color), hydrogen bond acceptor (blue color), aromatic features (golden color), aliphatic (brown color) as shown in Figure 4 are important for the activity. The pharmacophoric features of the designed inhibitors were also compared with the sildenafil. The all the ten molecules are align with sildenafil structure and pharmacophoric features are calculated which indicates the designed set of molecules are having hydrogen bond donor (green Color), hydrogen bond acceptor (blue color), aromatic features (golden color), aliphatic (brown color) features in common, due to this features similarity the designed set of molecules are showed similar binding potential to that of sildenafil (yellow color) as shown in Figure 5 .
Docking Analysis of Designed Inhibitors.
To check the interaction potential of the designed inhibitors the docking analysis was performed on Phosphodiesterase V (PDB ID 2H24). PB8 having hydrogen bond donor, which found to show hydrogen bond interaction is observed at a distance of 2.284 Å with tyrosine 612 and aromatic feature of the inhibitor showed aromatic interaction with phenylalanine 820 at a distance 4.335 Å. The inhibitors showed Hydrophobic interactions with SER663, ILE665, LEU804 and Van der Waals interactions with amino acids like TYR612, SER663, ILE665, LEU765, ALA767, ILE768, VAL782, LEU804, MET816, GLN817, PHE820. Figure 6 .
Conclusion
Structural insights for Phosphodiesterase-V inhibitors were obtained using pharmacophore modelling and pocket modelling studies with an aim to discover leads for the treatment and prevention of cardiovascular diseases. The 3,4-thiadiazol-2-yl]-3-[(5-nitropyridin-2-yl)imino]butanamide derivatives also showed good vascular smooth muscle relaxant activity in comparison to standard compounds. 
